In this study, the marker compounds of Curcumae Rhizoma (CR) were simultaneously quantified by high-performance liquid chromatography equipped with a photodiode array detector and the anti-inflammatory effects of CR extract and marker compounds in human benign prostatic hyperplasia epithelial-1 (BPH-1) cell lines were investigated. The marker components (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone, and germacrone, were separated on Gemini C 18 columns (250 mm × 4.6 mm, 5 µm) at 40 o C by using a gradient of two mobile phases eluting at 1.0 mL/min. Prostaglandin E 2 (PGE 2 ) levels in Human BPH-1 cells were determined with an ELISA kit. The coefficients of determination in a calibration curve of each analyte were all 0.9997. The limits of detection and quantification of the three compounds were 0.10 -0.32 µg/mL and 0.30 -0.98 µg/mL, respectively. The content of three compounds, (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone, and germacrone, in the CR sample were found to be 5.79 -5.92 mg/g, 4.72 -4.86 mg/g, and 1.06 -1.09 mg/g, respectively. Regarding pharmacological activity against benign prostatic hyperplasia, CR and its components significantly suppressed PGE 2 levels of BPH-1 cells. The established analysis method will help to improve quality assessment of CR samples and related products. In addition, CR and its components exhibit antiinflammatory activity in BPH-1 cells, suggesting the inhibitory efficacy of these compounds against the pathogenesis of BPH.
Introduction
Traditional herbal medicines, which are generally composed of many constituents, have long been used to treat and prevent a range of diseases. Curcumae Rhizoma (CR) is one of these herbs and it has been used for the treatment of jaundice, chest pain, abdominal pain, articular neuralgia, hematuria, dysmenorrhea, epilepsy and psychataxia for centuries. 1 CR is the rhizome of Curcuma wenyujin Y. H. Chen et C. Ling (Fam. Zingiberaceae), which is a perennial plant that is cultivated mainly in China. 2 In the Korean Pharmarcopoeia, Curcuma genus includes Curcuma phaeocaulis Val., Curcuma kwangsiensis S. G. Lee et C. F. Liang, and Curcuma wenyujin Y. H. Chen et C. Ling. 3 Among the various phytochemical constituents, terpenoids, especially sesquiterpenoids, such as curcujinone A and B, amoxanthin A, curcumenol, germacrone, and curdione have been reported in CR. [4] [5] [6] These components have been demonstrated to have various biological effects including anti-influenza viral, 1 anti-inflammatory, 5, 7, 8 and anticancer activities. [6] [7] [8] [9] However, studies have not yet been reported on the anti-inflammatory effect of CR on human benign prostatic hyperplasia epithelial-1 (BPH-1) cell lines. Therefore, in the present study, the anti-inflammatory effect of CR in BPH-1 cells was investigated and a quantification of the bioactive compounds was performed using a high-performance liquid chromatographyphotodiode array (HPLC-PDA) detection system to assess the quality of CR.
Chemicals and reagents -Three reference standards, (4S,5S)-(+)-germacrone-4,5-epoxide (PubChem CID: 13922653, purity 98.1%), furanodienone (PubChem CID: 6442374, purity 99.0%), and germacrone (PubChem CID: 6436348, purity 99.4%) were purchased from ChemNorm Biotech (Wuhan, China), ChemFaces Biochemical (Wuhan, China), and Shanghai Sunny Biotech (Shanghai, China), respectively. The chemical structures of these reference sesquiterpenoid compounds are shown in Fig. 1 . HPLCgrade solvents, methanol, acetonitrile, and water, were purchased from J.T. Baker (Phillipsburg, NJ, USA) and ACS reagent grade formic acid (≥98.0%) was purchased from Merck (Darmstadt, Germany).
Preparation of 70% ethanol extract of CR -Dried CR (20 kg) was extracted with 70% ethanol (200 L) at 80 o C for 3 h using an electric extractor (Cosmos-660; Kyungseo E&P Co., Incheon, Korea). The extracted 70% ethanol solution was filtered using a standard sieve (No. 270, 53 μm; Chung Gye Sang Gong Sa, Seoul, Korea), evaporated at 60 o C with a Ev-1020 rotary evaporator (DAIHAN Science, Incheon, Korea) to remove the organic solvent, and then the water suspension was freeze-dried with a PVT100 freeze dryer (IlShinBioBase, Yangju, Korea) to give a powder. The amount of lyophilized 70% ethanol extract produced was 498.1 g (yield: 2.49%).
Preparations of standard and sample solutions -The three sesquiterpenoids, (4S,5S)-(+)-germacrone-4,5epoxide, furanodienone, and germacrone, were accurately weighed and dissolved in methanol at a concentration of 1.0 mg/mL and stored at 4 o C as standard solutions. For the quantitative analysis, 200 mg of ground CR was dissolved in 20 mL of distilled water for 60 min at room temperature using a Branson 8510E-DTH ultrasonicator (Danbury, CT, USA). The extracted solution was filtered through a 0.2 μm membrane (Pall Life Sciences, Ann Arbor, MI, USA) before injection into the HPLC system.
Apparatus and conditions -Quantitative analysis of the three sesquiterpenoids, (4S,5S)-(+)-germacrone-4,5epoxide, furanodienone, and germacrone, in CR was carried out with a Prominence LC-20A series system (Shimadzu, Kyoto, Japan) equipped with a solvent delivery unit, online degasser, column oven, auto sample injector, and a PDA detector. All chromatographic data were measured and processed using Lab Solution software (version 5.53, SP3, Kyoto, Japan). The three sesquiterpenoid compounds were separated with a Phenomenex Gemini C 18 (250 mm × 4.6 mm; particle size 5 μm, Torrance, CA, USA) at a column temperature of 40 o C. The mobile phases were 0.1% (v/v) formic acid in distilled water (A) and acetonitrile (B) with gradient elution. The gradient of the two mobile phases was as follows: 30 -100% B for 0 -30 min, 100% B for 30 -40 min, and 100 -30% B for 40 -45 min. The analysis was conducted at a flow rate of 1.0 mL/min and injection volume of 10 μL.
Method validation -Calibration curves of (4S,5S)-(+)germacrone-4,5-epoxide, furanodienone, and germacrone were obtained by plotting peak areas versus the concentration of each standard solution. The linear ranges were 3.13 -200.00 μg/mL for (4S,5S)-(+)-germacrone-4,5-epoxide, 1.56 -100.00 μg/mL for furanodienone, and 0.78 -50.00 μg/mL for germacrone. The limits of detection (LOD) and limits of quantification (LOQ) values were calculated as 3.3 × σ/S and 10 × σ/S, respectively (where σ is the standard deviation of the intercept from the regression equation and S is the slope of the calibration curve). Intra-and interday precisions were assessed by using the standard addition method and established by the relative standard deviation (RSD). The repeatability of the established HPLC method was evaluated by RSD values of peak areas and retention times of each compound after measuring six replicates of the mixed standard solutions. Recovery experiments were carried out by adding three different concentrations (low, medium, and high) of three standard compounds to 200 mg of CR sample.
Cell culture -Human BPH-1 cell line was purchased from Creative Bioarray (Shirley, NY, USA) and maintained in RPMI 1640 medium (Gibco, Grand Island, NY, USA) supplemented with 20% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA, USA) at 37 o C under 5% CO 2 atmosphere. 10 Measurement of prostaglandin E 2 (PGE 2 ) levels -Quantitative determination of PGE 2 levels in BPH-1 cells was performed as previously described. 10 Briefly, BPH-1 cells were seeded onto 48-well plates in phenol red-free RPMI 1640 medium containing 20% FBS. The following day, fresh medium with DMSO, CR, (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone or germacrone was charged in each well and incubated for 24 h. Cell supernatants were harvested and used to measure PGE 2 levels using a monoclonal PGE 2 EIA kit (Cayman Chemical, Ann Arbor, MI, USA), according to the manufacturer's instructions.
Statistical analysis -Data are presented as the mean ± standard error of the mean (SEM). Statistical analysis was performed by a one-way analysis of variance (ANOVA) with Bonferroni post hoc test. P < 0.05 was considered statistically significant.
Results and Discussion
In this study, various HPLC conditions, column type (Gemini C 18 , SunFire C 18 , and OptimaPak C 18 ), column temperatures (30, 35, and 40 o C), and mobile phases (acids such as acetic acid, formic acid, and trifluoroacetic acid, and an organic solvent with methanol and acetonitrile) were tested for efficient simultaneous analysis of major components such as (4S,5S)-(+)-germacrone-4,5-epoxide, curcumenone, aerugidiol, bisdemethoxycurcumin, curcumin, curdione, furanodienone, demethoxycurcumin, dihydrocurcumin, and neocurdion in CR. As a result, only the three components, (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone, and germacrone were detected in this analytical method and selected as marker components for quality control of CR. In addition, the optimal conditions for the simultaneous analysis were determined as being a Gemini C 18 column (250 mm × 4.6 mm, 5 μm), maintained at 40 o C with a mobile phase system of 0.1% (v/v) formic acid in distilled water-acetonitrile and three compounds, (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone, and germacrone were separated within 30 min (18.24, 22 .40, and 25.45 min) with a resolution ≥6.88 (Table 1) . Representative HPLC chromatograms of standard compounds and the CR sample are shown in Fig. 2 .
In the calibration curve, the coefficient of determination (r 2 ) of the three bioactive compounds, (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone, and germacrone, was all 0.9997 and showed good linearity. The LOD and LOQ values of these analytes were 0.01 -1.61 and 0.03 -5.36 μg/mL within the tested ranges. These results are summarized in Table 2 . The recovery of the three sesquiterpenoids was 96.67 -102.76% with a RSD of 0.23 -1.25%. A repeatability test was evaluated based on RSD values of peak areas and retention times of each component, all of which showed good repeatability, with less than 0.80% variation. In addition, the RSD values of the intra-and interday precisions of the three sesquiterpenoids, (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone, and germacrone, in the CR sample were 0.05 -1.16% and 0.22 -1.73%, respectively. The results are summarized in Table 3 and show that the established HPLC-PDA analytical method is suitable for simultaneous analysis of CR samples.
Recently, studies on the quantitative analysis of volatile and sesquiterpenoids components of steamed and non- steamed CR using gas chromatography-mass spectrometry (GC-MS) and HPLC have been reported. 2 Curzerene, germacrone, and curdione were detected as major components of volatile components by GC-MS and (4S,5S)-(+)-germacrone-4,5-epoxide, curcumenone, furanodiene, and germacrone were detected as main components in sesquiterpenoids by HPLC. Wang et al. 11 also reported the optimum extraction conditions of curdione, furanodienone, curcumol, and germacrone, which are the major components of CR, using the response surface methodology coupled with a desirability function. Among these four components, curdione and furanodienone were the most abundant. In this study, simultaneous determination of the three sesquiterpenoid constituents in CR was performed using a PDA detector with detection at 260 nm for (4S,5S)-(+)-germacrone-4,5-epoxide and at 246 nm for furanodienone and germacrone. Based on the established HPLC-PDA analytical methods, the amount of the three bioactive components was 1.06 -5.92 mg/g ( Table 4 ). Among these three components, (4S,5S)-(+)-germacrone-4,5-epoxide and furanodienone were detected as major components of CR.
CR has pharmaceutically anti-inflammatory activity. 12, 13 In addition to inflammatory diseases such as infection and allergy, inflammation is implicated in pathologies including carcinogenesis and hyperplasia through cellular turnover to proliferation. 14, 15 Recently, it has been reported that BPH, which is characterized by the overproliferation of prostatic cells, is associated with inflammation. Inflammatory infiltrates and the increased production of proinflammatory cytokines were observed in BPH specimens. 16, 17 To investigate whether CR affects inflammation of BPH, we assessed the synthesis of PGE 2 , a major mediator of inflammation, in BPH-1 cells. CR treatment from 25 μg/ mL to 100 μg/mL, non-toxic concentrations, significantly inhibited PGE 2 levels in a concentration-dependent manner (Fig. 3A) . Moreover, among three tested components of CR, (4S,5S)-(+)-germacrone-4,5-epoxide and furanodienone significantly suppressed PGE 2 levels of BPH-1 cells in a concentration dependent manner (Fig. 3B) . Germacrone exhibited inhibitory activity on PGE 2 levels but its action was independent of concentration and was less effective than either (4S,5S)-(+)-germacrone-4,5-epoxide or furanodienone. The inhibitory activity of the three components of CR against PGE 2 synthesis was insufficient compared with that of CR. In this regard, the efficacy of CR in the inhibition of PGE 2 synthesis seems to result from the combined effects of CR components, including others as well as the three components tested in this study. PGE 2 synthesis is involved in the pathogenesis of BPH as well . 3 . The effect of the 70% ethanol extract of CR and its three marker components on PGE 2 levels of BPH-1 cells. BPH-1 cells were treated with CR extract (A) or its three compounds (B) and incubated for 24 h. PGE 2 levels in culture supernatants from cells were measured using an EIA kit. Value are presented as the mean ± SEM. **, P < 0.01; ***, P < 0.001 compared with vehicle (0 μg/mL).
as inflammation. The secretion of PGE 2 in BPH-1 cells is higher than in other prostatic cancer cells. 18 An increase of urinary PGE 2 concentration was observed in patients with BPH. 19 In conclusion, a convenient and simple HPLC-PDA method was established and validated. The method allowed the simultaneous analysis of three sesquiterpenoids, (4S,5S)-(+)-germacrone-4,5-epoxide, furanodienone, and germacrone, for quality assessment in CR. In addition, we showed the inhibitory effects of CR and its three marker components against PGE 2 synthesis in BPH-1 cells, suggesting that CR and its components may exhibit inhibitory efficacy against the pathogenesis of BPH.
